The potential for aerosol physical properties, such as phase, morphology and viscosity/ diffusivity, to affect particle reactivity remains highly uncertain. We report here a study of the effect of bulk diffusivity of polycyclic aromatic hydrocarbons (PAHs) in secondary organic aerosol (SOA) on the kinetics of the heterogeneous reaction of particle-borne benzo[a]pyrene (BaP) with ozone. The experiments were performed by coating BaPammonium sulfate particles with multilayers of SOA formed from ozonolysis of apinene, and by subsequently investigating the kinetics of BaP loss via reaction with excess ozone using an aerosol flow tube coupled to an Aerodyne Aerosol Mass Spectrometer (AMS). All reactions exhibit pseudo-first order kinetics and are empirically well described by a Langmuir-Hinshelwood (L-H) mechanism. The results show that under dry conditions (RH < 5%) diffusion through the SOA coating can lead to significant mass transfer constraints on the kinetics, with behavior between that previously observed by our group for solid and liquid organic coats. The reactivity of BaP was enhanced at $50% relative humidity (RH) suggesting that water uptake lowers the viscosity of the SOA, hence lifting the mass transfer constraint to some degree. The kinetics for $70% RH were similar to results obtained without SOA coats, indicating that the SOA had sufficiently low viscosity and was sufficiently liquid-like that reactants could rapidly diffuse through the coat. A kinetic multi-layer model for aerosol surface and bulk chemistry was applied to simulate the kinetics, yielding estimates for the diffusion coefficients (in cm 2 s À1 ) for BaP in a-pinene SOA of 2 Â 10 À14 , 8 Â 10 À14 and >1 Â 10 À12 for dry (RH < 5%), 50% RH and 70% RH conditions, respectively. These results clearly indicate that slow diffusion of reactants through SOA coats under specific conditions can provide shielding from gas-phase oxidants, enabling the long-range atmospheric transport of toxic trace species, such as PAHs and persistent organic pollutants.
Introduction
The question we address in this paper is whether coatings of secondary organic aerosol (SOA) can provide a kinetic barrier to the rates of aerosol chemistry. In particular, while it is known that SOA frequently contributes the majority of the sub-micron aerosol mass, 1 the physical properties of atmospheric SOA and their impacts remain poorly understood.
Based on an equilibrium gas/particle partitioning theory, 2,3 SOA has generally been treated as a well-mixed liquid in atmospheric models [3] [4] [5] in which the gasphase oxidation products are assumed to quickly adopt gas-particle equilibrium. However, a number of recent studies have shown that SOA behaves as a highly viscous, amorphous solid or semi-solid. In this case the equilibration timescale of SOA partitioning can be longer and the assumption of equilibrium partitioning may be in question. 6 Virtanen et al. 7 investigated the bounce behavior of biogenic SOA formed from ozone reaction with plant-emitted VOCs on smooth and hard surfaces and demonstrated that the organic-rich atmospheric aerosol can exist in the amorphous solid state. Later work of Vaden et al. 8 and Abramson et al. 9 studied evaporation of a-pinene SOA at room temperature and found evaporation kinetics were orders of magnitude slower than those expected from well-mixed liquid droplets. As well, Cappa and Wilson 10 observed that the volatility of organic aerosol was signicantly lower than that of liquid aerosols by studying the thermal desorption properties of a-pinene SOA. Finally, Perraud et al. 11 reported that the partitioning of organic nitrates formed from the reaction of a-pinene with NO 3 radicals to a-pinene ozonolysis SOA can only be explained by a non-equilibrium, kinetically limited condensation mechanism rather than the equilibrium partitioning commonly assumed to occur between gas-and liquid-particles.
If SOA exists in an amorphous, semi-solid state, then its properties are expected to be affected by environmental conditions. Saukko et al. 12 showed that a-pinene SOA remains solid or semi-solid at RH < 50% and a transition to more liquid-like behavior was seen when RH is higher than 50%. Recent work of Kuwata and Martin 13 reported that gas-phase ammonia uptake by a-pinene SOA under dry conditions (RH < 5%) was consistent with adsorption on highly viscous semi-solid particles, whereas the adsorption/absorption of ammonia on SOA particles was signicantly increased at RHs close to saturation, suggesting that the SOA had become liquid.
As evidence accumulates showing that SOA possesses solid or semi-solid properties, 14 it is important to understand how the fundamental physical properties of SOA-containing particles affect heterogeneous reactivity. In particular, are all reactants available for surfaces reactions, implying rapid diffusion through the particle? Or, does semi-solid SOA provide shielding from gas-phase oxidants? Through the analysis of the kinetics of multi-component heterogeneous reactions, we should be able to derive estimates for the diffusivity of reactants through SOA, noting these are largely lacking for this hard-to-measure quantity. In particular, to the best of our knowledge, only one value of a bulk diffusion coefficient of 2.5 Â 10 À17 cm 2 s À1 for pyrene diffusion in a-pinene SOA has been estimated to date.
To this end, we present a study on the effect of a-pinene SOA viscosity/diffusivity on the kinetics of gas-phase ozone reacting heterogeneously with particleborne benzo[a]pyrene (BaP) that was initially buried under the SOA coat. The effects of water-uptake induced changes in SOA on the heterogeneous reactivity were also investigated. As a model heterogeneous reaction system, the kinetics of particle-borne BaP reacting with gas-phase ozone have been studied previously. [15] [16] [17] In particular, our group has demonstrated that this reaction can be effectively shut down when a solid organic coating is deposited on top of adsorbed-BaP, whereas liquid coatings impose no mass transfer limitations on the kinetics. 17 Kinetic models for aerosol surface and bulk chemistry (K2-SURF 18 and KM-SUB
19
) are applied to simulate the BaP degradation kinetics and to estimate the diffusivity of BaP in a-pinene SOA at room temperature and interpret the effect of changing RH on the kinetics.
Experimental
2.1 Particle generation, particle coating, and aerosol kinetics A schematic representation of the experimental set-up is shown in Fig. 1 . The particles were generated by nebulizing a $1 mM ammonium sulfate (AS) (solid, $99.5%, Fluka) aqueous solution using an atomizer (TSI model 3076). A fraction of the poly-disperse AS particles ($300 sccm) was coated with sub-monolayer benzo[a]pyrene (BaP) (solid, $98%, Sigma-Aldrich) in a manner analogous to our previous work, by passing through a heated tube containing BaP. 17 The BaPcoated AS particles (AS-BaP) were then mixed with gas-phase a-pinene in a mixing ow tube (Fig. 1 ). The gas-phase a-pinene was introduced into the tube by passing 0.5-1 sccm nitrogen over the headspace of a-pinene liquid ($99%, liquid) which had been placed in a bubbler. The bubbler was cooled to À15 C and the a-pinene mixing ratio varied between 250-500 ppb, as measured by a proton-transfer-reaction mass spectrometer. The AS-BaP particles and the gasphase a-pinene were then sent to a second coating tube, where ozone was added and the AS-BaP particles were coated with SOA from the ozonolysis reaction with a-pinene. Ozone ($100 sccm, 2-3 ppm) was generated by ultraviolet irradiation of a mixed ow of N 2 /O 2 in a Pyrex glass chamber with a mercury pen-ray lamp (UVP Inc.). The SOA coated AS-BaP particles (AS-BaP-SOA) then passed through two charcoal denuders to remove the gas-phase reactants and products before entering a humidifying tube. Using a scanning mobility particle sizer (SMPS) consisting of a differential mobility analyzer (DMA, model 3080, TSI Inc.) and a condensation particle counter (CPC 3025, TSI Inc.), no SOA formation was observed with only ozone and a-pinene present in the coating ow tube, conrming that the SOA measured in this work all arises from the condensation of low volatility products from ozonolysis of a-pinene onto AS-BaP particles, with negligible new particle formation. A 1000 sccm dry nitrogen ow was added into a horizontally oriented humidifying tube making a total particle ow of $1.9 slpm in the kinetics ow tube (RH < 5%). A $50% RH in the kinetics ow tube was achieved by passing the dry nitrogen ow through a bubbler containing deionized water, whereas $70% RH was achieved by also adding $50 ml deionized water into the horizontally oriented humidifying tube. The residence time for the particles and water vapor in the humidifying tube was $60s. The dry or humidied AS-BaP-SOA particles were then introduced into a vertically oriented kinetics ow tube (Fig. 1) , where a ow ($100 sccm) containing ozone was added through a movable stainless steel injector.
The kinetics ow tube (6 cm i.d. and 96 cm in length) was operated at room temperature and atmospheric pressure (296 AE 3 K and 1 atm) under laminar ow conditions. The reaction time (up to 66 s) between BaP and ozone was varied by setting the injector to different positions along the ow tube. The total ow exiting the kinetics ow tube was divided into three: 1) $100 sccm was introduced into a UV photometric O 3 analyzer (Thermo Model 49i) with a dilution ow of 1.3 slpm dry nitrogen; 2) $400 sccm passing through an ozone denuder, which can remove more than 90% of ozone, was sampled by the SMPS and an Aerodyne Aerosol Mass Spectrometer (C-ToF AMS) to measure particle mobility size distributions and chemical composition, respectively; and 3) the remaining aerosol ow was removed by a diaphragm pump (Fig. 1) . The ozone was in large excess to BaP in the kinetics ow tube and its mixing ratio was controlled by varying the ratio of O 2 to N 2 passing the pen-ray lamp.
Aerosol composition measurement
The aerosol chemical composition was measured by Aerodyne AMS. The instrument operation and sample analysis have been detailed in our previous work.
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Briey, the C-ToF AMS was operated in either mass spectrum (MS) mode or particle time-of-ight (PTOF) mode, with the former producing the mass spectra of non-refractory components of submicron particles and the latter providing size-resolved mass spectra. The molecular ion of m/z 252 was used to detect particle-borne BaP and was normalized by the sulfate mass loading in the kinetics studies. Test experiments showed that the SOA contributed between 5-20% to the total m/z 252 signal intensities of the AS-BaP-SOA particles. This contribution is found to be proportional to the total organic mass loadings and was unaffected by the presence of ozone in the ow tube. Therefore, the contribution of the SOA to the m/z 252 signal is easily accounted for. In addition, as has been pointed out in our previous work, 17 a small amount of organics, arising either from the deionized milli-Q water or laboratory contamination, have always been observed by the AMS in the AS particles. However, the background organics can only account for a maximum of 10% and 2% of the total organic mass loadings aer 'thin' and 'thick' SOA coatings, respectively, were applied. The amount of BaP coated onto the AS particles was very small, representing well less than a monolayer coverage, assuming uniform coverage. Fig. 2 provides an example of the particle-size-resolved measurements from the AMS before (a) and aer (b) the SOA coating is applied. The size distributions of the three materials, i.e. organic, sulfate and m/z 252, are all shied to larger sizes aer the AS-BaP particles are coated with SOA, with the mass loadings for organic and sulfate increased while that for m/z 252 decreased (note the different scales for organic mass loadings in Fig. 1 before (a) and aer (b) SOA is coated). The increase in sulfate mass loading is likely due to the enhanced collection efficiency of the AMS with SOA coated AS-BaP particles, implying that the SOA formed from ozonolysis of a-pinene is not as rigid as solid AS-BaP particles. The decrease in m/z 252 mass loading is because of a small degree of reaction of surface-bound BaP with ozone in the SOA coating tube. In addition, we note that the size distributions for these three materials are qualitatively similar before SOA is coated. However, aer the SOA coating is applied, sulfate and m/z 252 remain with generally similar size distributions, whereas the larger particles are more organic rich than the smaller particles.
Results and discussion

Particle characterization
The SOA coating thickness is estimated using a method detailed in our previous work (in supplementary information of Zhou et al.
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) to be 5-10 nm and 20-80 nm in thickness for 'thin' and 'thick' coatings, respectively. In particular, we use the AMS data for these estimates, assuming uniform spherical coats. The estimated absolute thickness of the coated organic is almost independent of particle size for the 'thin' coating experiments; for the 'thick' coats, however, the coating thickness increased to some degree with particle size, consistent with the observation above that the larger particles are more organic rich.
Kinetics of reaction of the SOA coated BaP particles with ozone
Fig . 3 gives an example of the BaP concentrations plotted against reaction time for thin SOA coating experiments. The uncertainty in each data point was taken as the standard error of the measurement. Control experiments were conducted in a manner analogous to the kinetic measurements without ozone present. The small changes in the BaP concentrations as a function of reaction time have been accounted for in the data analysis. The good linearity of the kinetic plots in Fig. 3 demonstrates that the reaction of particle-borne BaP with ozone exhibits pseudo-rst order kinetics in terms of BaP loss. The linear least-squares t of the data in Fig. 3 yields the rst-order rate constant (k 1 ) at a specic ozone concentration. All the k 1 obtained in this work are summarized in Table 1 . The uncertainties in k 1 are given as a combination of the least-squares 1-s uncertainties in the kinetic measurements and control experiments. The k 1 in Table 1 are plotted as a function of the corresponding ozone concentrations and presented in Fig. 4 and 5 for dry (<5% RH) and high RH experiments, respectively.
All the plots in 
where k max is the maximum rst-order rate constant, K O 3 is the gas-to-particle partition coefficient of ozone, and [O 3 ] is the gas-phase ozone concentration in the kinetics ow tube. Fig. 4 Pseudo-first-order rate constants k 1 as a function of gas-phase ozone concentrations for the reaction of particle-borne BaP and ozone with different organic coatings under dry conditions. Note that the "Solid thick" and "Liquid" coating data come from Zhou et al., 17 where a thick coating of a solid alkane was deposited onto BaP-AS particles. (Table 2) , respectively, are in good agreement with those for uncoated and liquidorganic coated BaP particles, as well as most of the literature data ( Table 2 ).
Effect of SOA phase on the kinetics
From Fig. 4 it is clear that under dry conditions (RH < 5%) a thin SOA coating provides little-to-no mass transfer limitation on the kinetics of particle-borne BaP with ozone compared to the uncoated AS-BaP particles, whereas the reactivity of BaP towards ozone is substantially reduced by a thick SOA coating. In our previous work, 17 where we investigated the effects of organic coatings of different physical states, we found that the reactivity of BaP towards ozone was unaffected by liquid oil coatings regardless of whether the coating was thin or thick (Fig. 4) . By contrast, the reactivity of BaP was reduced signicantly when a thin solid alkane coating was applied and the reaction was effectively shut off with a thick solid coating (Fig. 4) .
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These observations were explained by the different diffusivity of the reactants through the organic coats. For liquid organic coatings, the diffusion of the BaP through the coated materials was estimated to be fast, on a timescale of nano-to microseconds.
17 As a result, the kinetics were not limited by mass transfer. For the solid organic, the reactant diffusivity was likely to be orders of magnitude lower so kinetics were controlled by solid phase diffusion.
We interpret the present results in a similar manner. The negligible effect of the thin SOA coating may arise because diffusion is sufficiently fast to replace BaP being lost at the surface of the particle through an interfacial process. Note that we cannot rule out the possibility that the BaP may not be fully buried under the SOA material, leaving the BaP directly exposed to gas-phase ozone. However, in a similar coating procedure of SOA onto ammonium bisulfate particles, we observed that equally thin coats provided a dramatic reduction in the reactivity of N 2 O 5 .
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Compared to the kinetic plots for the uncoated and liquid-organic-coated (Fig. 4) particles, 17 the reduction in BaP reactivity by a thick SOA coating under dry conditions (<5% RH) is likely a result of the mass transfer constraints that the Table 2 Comparison of results from the present work and previous studies of the heterogeneous reaction of particle-borne BaP or anthracene with gas-phase ozone (TTTS ¼ 1,1,5 SOA coats place on the kinetics, indicating that the a-pinene SOA is not a low viscosity liquid under these conditions. This is consistent with previous studies suggesting that SOA can be solid or semi-solid. 7,10,14 Moreover, the difference in the kinetic plots for the thick SOA and solid organic coatings (Fig. 4) , with the latter entirely shutting off the reaction, implies that the SOA under dry conditions is less viscous than a rigid solid, allowing the reactants to diffuse through the organic coats to some extent over the experimental timescale of the order of minutes. This is consistent with previous work showing that the SOA particles possess some degree of uidity.
8,13,22,23
The effects of organic coatings on heterogeneous reactions have been investigated by a number of research groups. For example, studies on the reactive uptake of N 2 O 5 on different surfaces, such as AS particles, 24 aqueous H 2 SO 4 solution/particles [25] [26] [27] [28] and sea salt aerosols, [29] [30] [31] [32] and the uptake of ozone on deliquesced potassium iodide (KI) particles 33 and aqueous pyrene solutions, 34 have shown a decrease in reactivity in the presence of a monolayer surfactant coating. A decrease of the uptake of N 2 O 5 on ammonium bisulfate particles coated with SOA has also been reported. 21, 35 We note, however, that this is a reaction with a substantial bulk-phase component, so the results are interpreted by the effects of the organic coating on the ability of N 2 O 5 to access water in the bulk of the particle. By contrast, several studies have shown an enhancement of PAH uptake at air-water interface, 34 gas-phase HCl uptake on aqueous H 2 SO 4 solutions 36-38 as well as O 3 reactivity on aqueous pyrene solutions 39 in the presence of soluble organic surfactants. These are likely related to the changes in mass accommodation coefficients. Thus, there is a complexity that can arise in the effects of coatings on heterogeneous reactions beyond that which is explored in this paper, likely related to the phase states of the organic coats and their specic interactions with the reactants.
Effect of humidity-induced viscosity/diffusivity changes
It can be seen from Fig. 5 that the heterogeneous reactivity of BaP towards ozone is enhanced when RH increases. The higher reactivity is likely due to water uptake by SOA resulting in a lower viscosity of the SOA materials and hence increased diffusivity of the reactants through the coats. The similarities in the kinetic plots for $70% RH and uncoated BaP, as well as those for liquid organic coats (Fig. 4, 5 and Table 2 ), suggest a transition of the SOA from semi-solid to lower viscosity, more-liquid-like particles between 50 to 70% RH. We note that the RH in the ow tube was kept lower than the AS deliquescence RH (DRH) of 80% 40 to maintain a uniform aerosol substrate; it has been reported that AS mixed with a-pinene ozonolysis SOA has a DRH which is only 4% lower than pure AS. 41 This lends condence that the AS in the particles remains in the solid state at $70% RH.
These results are in accord with previous studies. As mentioned above, humidity-induced modication of biogenic SOA particles has been investigated by Saukko et al. 12 by studying particle bounce, where it was concluded that a-pinene photooxidation SOA remains solid or semi-solid at RH < 50%. A phase change from solid to liquid-like substances was suggested in the RH range of 50-64% RH.
12 A similar observation was made in previous work on the multiphase oxidation kinetics of protein substrates with ozone, 42 where the increased ozone uptake with RH was explained by hygroscopic water uptake of amorphous organics leading to an increase of the diffusivity of the reactants through the organic matrix.
While a number of laboratory and modeling studies have reported that the multi-component organic/inorganic particles may undergo liquid-liquid phase separation at high RH conditions, [43] [44] [45] [46] [47] it is impossible for us to determine if this is the case for the high RH experiments in the present work. Nevertheless, the kinetic results indicate that the enhanced RH lowers the viscosity of the SOA, liing the mass transfer constraint on the heterogeneous reactivity of BaP with ozone. Also, we note that the results that have been observed in this work are specic to the form of SOA studied. Subsequent studies of other SOA types are required to determine the extent to which the results are generalizable. 18 is applied to analyze the experimental data (Fig. 6a) . The observed nonlinear dependence of k 1 on [O 3 ] g can be well reproduced under the assumption of a simple L-H mechanism formalism, in which an adsorbed O 3 molecule reacts with BaP in a surface reaction, 15, 48 as shown in Fig. 6c . The O 3 surface-residence time or desorption lifetime (s d,O 3 ) inferred from kinetic data based on simple L-H mechanims is more than milliseconds. However, according to quantum mechanical calculations based on density functional theory (DFT), s d,O 3 should be only on the order of nanoseconds, 49 more than six orders of magnitude less. This implies that the actual reaction mechanism is a multi-step L-H mechanism involving the decomposition of surface ozone and formation of long-lived reactive oxygen intermediates (ROI). The dissociated products are molecular oxygen such as a chemisorbed oxygen atom bound to the delocalized p-electrons of an aromatic surface. [49] [50] [51] The chemical equations of the multi-step L-H mechanism can be described as follows:
where g, s and ss denote the gas phase, sorption and surface layer, respectively. The weakly bound physisorbed O 3 molecule can be desorbed thermally to the gas phase with a desorption lifetime of nanoseconds, or it can overcome an activation barrier (E a,pc ), undergo dissociation and enter into a state of stronger binding to the surface. The second activation barrier (E a,ox ) is the reaction between O atoms (or the appropriate form for the ROI) and BaP to form stable oxidation products. With this formulation K2-SURF can reproduce the kinetics observations very well with parameters listed in Table 3 (red line in Fig. 6c ). The estimated activation energies are very similar to those for the ozone reaction with BaP on soot 15,51 and consistent with that estimated from DFT calculations. 19 is applied. Fig. 6b shows the schematics of KM-SUB, which consists of a sorption layer, a quasi-static surface layer, and a number of bulk layers. The thickness of each bulk layer is set to be 0.5 nm, corresponding to the molecular diameter of O 3 .
18 KM-SUB treats the following processes explicitly: gas-phase diffusion and reversible adsorption of O 3 , bulk diffusion of O 3 and PAH in SOA matrix, surface reaction including formation of ROI and subsequent reaction with PAH, which diffuses through the SOA coating to the surface, and a bulk reaction between O 3 and PAH. The bulk reaction between O 3 and SOA is assumed to be negligible, as the C]C should have been consumed by the gas-phase ozonolysis reaction, forming oxygenated products that then adsorb/condense to form the SOA. 52, 53 Before particles are exposed to O 3 , they are humidied for $60 s during which diffusion of BaP commences. To make the most direct comparison between the measurements and the models, the ozone exposure is turned on aer a delay period of 60 s. This time matches the residence time in the humidifying tube in the experimental system. Kinetics simulations without this delay time yield essentially the same results.
The kinetic parameters required for simulations are listed in Table 3 . 20, [56] [57] [58] It is important to note that if a larger value of k BR is used, the modeled k 1 do not show saturation behavior with increasing ozone concentrations but rather exhibit a linear increase trend. Fig. 6d shows experimentally observed k 1 values for BaP when coated by a-pinene SOA under dry conditions. The SOA coating thicknesses are taken as 8 nm and 40 nm for thin and thick coatings, respectively. KM-SUB successfully ts to both data sets by a single parameter set listed in Table 3 Fig. 6f , showing the clear increasing trend as RH increases. As discussed previously, this trend corresponds to humidity-induced changes in viscosity/ diffusivity of a-pinene SOA. 14, 40, 59 Note that Abramson et al. 9 estimated the bulk diffusivity of pyrene in a-pinene SOA to be 2.5 Â 10 À17 cm 2 s À1 under dry conditions (<5% RH) based on measurements of evaporation kinetics, which is three orders of magnitude lower than our estimate. Fig. 7 shows the radial distribution and temporal evolution of the bulk concentration of (a) O 3 and (b) BaP with thick SOA coatings under dry conditions with a gas phase O 3 concentration of 2. clearly showing that reaction proceeds faster at the surface than in the bulk. The slight radial gradient of reaction rate in the bulk reects the concentration gradient of O 3 and PAH. We note that these modeling estimates of the diffusion coefficient are dependent upon the assumed mechanism whereby BaP diffuses to the surface to react with ozone at the interface. Other mechanisms cannot be fully ruled out but we note that if we assume a faster bulk phase reaction, whereby ozone diffusivity could end up being rate limiting, the model results yielded a linear dependence of the BaP loss rate constant on ozone concentration. As well, there will be uncertainty arising in our inferred values from the thickness of the SOA coats, which we assume to be uniform.
Conclusions and atmospheric implications
This paper illustrates that mass transfer limitations can arise in atmospheric heterogeneous reactions involving SOA. In particular, the effects of viscosity/ diffusivity of a-pinene ozonolysis SOA on the heterogeneous reactivity of particleborne BaP towards gas-phase ozone were investigated. The results show that under dry conditions the SOA coating can lead to mass transfer constraints on the kinetics, with behavior between that of solids and liquids, i.e. a semi-solid. The BaP kinetics were enhanced with RH indicating that the water uptake by SOA organics lowers the viscosity and lis the mass transfer constraint. By application of a kinetic multi-layer model for aerosol surface and bulk chemistry(KM-SUB), . The left axis is radial position in SOA coating (0 nm ¼ ammonium sulfate; 40 nm ¼ particle surface).
the diffusivity (in cm 2 s À1 ) of BaP in SOA was estimated to be 2 Â 10 À14 , 8 Â 10
À14
and >1 Â 10 À12 for dry (RH < 5%), $50% RH and $70% RH, respectively.
It is expected that PAHs, such as BaP, will become coated with SOA aer their formation from combustion sources. Both modeling studies and other experimental studies suggest that PAHs buried under multi-layer organic lms could be protected from heterogeneous oxidation. 17, [60] [61] [62] It is quite likely that this provides a mechanism for long range transport of such species to occur in the atmosphere to remote environments such as the Arctic. 63, 64 The diffusion coefficients obtained in this work, even at low RH, still imply quite rapid diffusion within the particle, i.e. longer than the experimental timescale but shorter than an atmospheric residence time of a week or so. However, this estimate is for one type of SOA only. As well it is not for oxidatively aged SOA, and it has been reported that the viscosity of aged a-pinene SOA is higher than fresh SOA by a factor of three.
9 As well, it is expected that the diffusivity will be markedly lower at lower temperatures, e.g. aer a particle is loed out of the boundary layer. Mapping out these dependencies may allow for a more accurate modeling of the lifetime of such species in the atmosphere.
